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This  report  sunmarlzes  space-radlatlon  dosimeter  units  -3A,  -IB,  and  -2B 
designed  and  tested  by  The  Aerospace  Corporation  Space  Sciences  Laboratory  to 
be  flown  aboard  SDS  satellites.  Two  circular  surface  barrier  silicon  detec¬ 
tors  with  a  nominal  4.8  mn^  volume  are  located,  with  electronics.  Inside  of 
the  main  mission  electronics  box.  Each  detector  measures  the  total  energy 
deposited  In  the  depleted  (active)  volume  by  charged  particles  and  photons. 
The  detectors  are  passively  cooled  In  order'  to  keep  the  system  noise  well  be¬ 
low  the  electronic  energy  threshold  set  at  66  keV.  A  backup  Instrument  also 
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with  66  keV  threshold  has  been  Included  ln\the  system.  A  special  gated  inte¬ 
grating  circuit  associated  with  each  of  theX^tectors  monitors  the  deposited 
energy,  pi^uclng  output  pulses  each  of  vrt\lcn\ corresponds  to  a  dose  of 
rads.  The  maximum  measurable  dose^xjrate  is  0.27  rads/sec. 
^Mmlnlmum  detectable  dose  rate  Is  5.4  x  rads/sec.  The  pulses  are 

counted  by  a  scaler  whose  contents  are  read  out  hy  the  spacecraft  telemetry 
system.  Maxlnnim  storage  capacity  of  the  scaler  corresponds  to  an  accumulated 
dose  of  0.18S  megarad.  The  instrument  package  weighs  1  lb.,  1.51  os.  and  uses 
0.360  watts  of  power.  Only  one  dosimeter  of  the  pair  In  the  Instrument 
package  draws  power  at  a  given  time. 
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Introduction 


The  purpose  of  the  Mission  463  dosimeter  (hereafter  referred  to  as  the 
dosimeter)  Is  to  measure  the  relation  dose  In  silicon  under  aluminum  shield- 
Ixig.  The  Interest  In  such  data  was  engendered  by  the  discovery  of  the  "soft¬ 
ness"  of  current  microelectronics  circuitry  to  radiation  coupled  with  the 
present  substantial  uncertainty  and  controversy  concerning  the  natural  ener¬ 
getic  electron  dose  received  by  a  satellite  In  a  Molnlya  orbit.  Direct  meas¬ 
urement  of  this  dose  correlated  with  performance  of  on-board  circuitry  Is 
therefore  of  crucial  Importance  In  providing  data  for  planning  of  future 
missions . 

The  dosimeter,  designed  by  The  Aerospace  Corporation  Space  Sciences 
Laboratory,  uses  technology  proven  by  flight  aboard  many  USAF  and  NASA  satel¬ 
lites.  Each  instrument  package  consists  of  two  separate,  single-detector 
units.  These  omnidirectional  sensors  use  small  circular  surface  barrier 
silicon  detectors  mounted  inside  of  tne  cover  of  the  Mission  463  electronics 
box  and  behind  a  SO  mil  thickness  of  aluminum.  Figure  I  Is  a  picture  of  an 
instrument  package  containing  the  -IB  and  -3A  dosimeters.  The  dosimeter 
directly  measures  the  Ionization  In  the  silicon  disc  caused  by  the  natural 
radiation  —  that  Is,  the  radiation  dose.  Each  Instmment  package  weighs  1  lb 
1.31  oz  and  uses  0.36C  watts  of  power.  All  three  dosimeter  units  delivered  so 
far  are  Identical  with  tne  exception  that  one  Instrument  package  has  only  one 
dosimeter.  The  calibrations  are  Identical. 

2.  Measurement  Technique 

A  block  diagram  of  the  electronic  system  associated  with  one  of  the  two 
silicon  detectors  Is  shown  In  Figure  2.  A  particle  passing  through  the  active 


FIGURE  2.  Block  diagram  of  the  electronics  system. 


volume  of  COe  detector  produces  a  number  of  eiectroi  'hole  pairs  wtiich  Is 
directly  proportional  to  the  amount  of  energy  deposited  in  the  detector.  The 
charges  are  collected  by  the  detector  electrodes  and  produce  a  pulse  at  the 
amplifier  output.  For  purposes  of  the  following  discussion,  it  is  important 
to  note  that  both  the  amplitude  and  the  area  (Integral  over  time)  of  the  pulse 
are  directly  proportional  to  the  energy  which  the  particle  deposits  in  the 
detector. 

an  integral  discriminator,  with  a  threshold  corresponding  to  deposited 
energy  of  66  IceV  is  used  to  analyze  the  pxilse-helght  spectmm  of  signals 
produced  by  protons,  electrons  and  photons  (primarily  bremsstvahlung)  entering 
the  detector.  Since  photons  interact  with  the  detector  material  by  producing 
fast  electrons  which  in  turn  lose  a  part  or  all  of  their  energy  by  producing 
Ion  pairs,  ptilses  produced  by  gamma  rays  are  the  same  as  those  produced  by 
primary  electrons  and  will  be  referred  to  as  electron  pxilses. 

The  threshold  of  66  keV  was  selected  on  the  basis  of  detector  noise 
pZbdent  when  the  entire  package  is  operated  at  the  planned  temperature  of  less 
than  40*  C.  In  order  to  match  parent  Instrument  redundancy,  there  are  two 
identical  units  mounted  in  the  Mission  46B  package.  Individual  pulses  are 
counted  in  scaling  registers  which  are  read  out  and  reset  by  the  telemetry 
system  once  every  thlrty^two  seconds. 

In  measuring  the  accumulated  dose  use  is  made  of  the  fact  that  the  area 
as  well  as  amplitude  of  individual  pulses  is  directly  proportional  to  the 
energy  which  a  particle  deposits  in  the  active  volume  of  the  silicon  disc. 
The  gated  Integrator  shown  in  Figure  2  accepts  pulses  whose  amplitudes  exceed 
the  value  of  the  gating  threshold  of  66  keV.  Every  pulse  meeting  the  gating 
criteria  is  integrated  and  the  resulting  charge  (area)  deposited  in  a  storage 


capaclcor  wcilch  in  general  already  concains  an  accumulated  charge  from  preced-* 
Ing  signals.  (Whenever  an  added  increment  of  charge  causes  the  total  charge  on 
the  capaclcor  to  exceed  7.6  MeV  equivalent  of  deposited  energy,  the  capacitor 
is  discharged  in  7.6  MeV  eq\ii valent  increments.  For  each  discharge  increment, 
a  logic  pulse  is  produced  at  the  integrator  output  and  counted  in  a  storage 
register . 

3.  Data  System  and  Telemetry  Format 

Counts  from  the  registers  are  read  out  once  every  chirty-'two  seconds  by 
Che  telemetry  system.  The  registers  are  never  re-set,  unless  Che  power  is 
turned  off,  so  Chat  Che  number  of  counts  read  out  at  any  given  time  represents 
the  total  energy  in  MeV,  deposited  in  the  silicon  active  volume  during  the 
entire  mission.  The  data  system  contains  Che  storage  registers  where  counts 
from  the  dose-monitor  channel  are  accumulated,  and  shift  registers  for  tempo¬ 
rary  storage  of  data  during  readout.  It  also  serves  as  the  interface  with  the 
spacecraft  telemetry  system. 

The  dose-monitor  storage  register  has  a  capacity  of  36  bits  each.  The 
counts  are  accximulated  directly  in  binary  code,  so  the  total  capacity  of  each 
dose-monitor  channel  is  2^^  counts  or  6.87  x  10^^  counts.  Each  count  corre¬ 
sponds  to  2.7  X  i0'~^  rad  as  determined  by  the  calibration  data.  The  maximum 
dose  capacity  is  1.85  x  10^  rads.  The  maximum  and  minimum  measurable  dose 
race  is  determined  by  maximum  discharge  pulse  race  (10^  pulse/sec)  and  the 
system  leakage  current  (1  pulse/ 300  sec)  respectively.  The  maximum  measurable 
dose  race  is  0.27  rads/sec.  The  minimum  detectable  dose  race  is  S.4  x  lO"^ 
rads/sec  (0.17  rad/yr) . 


Aa  was  explained  previously,  each  dosimeter  count  represents  7.6  MeV  of 
energy  deposited  In  the  active  volume  of  silicon.  Since  the  precise  value  of 
the  active  volume  Is  not  Icnown,  It  Is  necessary  to  calibrate  the  Instrument  by 
exposing  It  to  a  radiation  flux  and  measuring  the  dose  with  a  laboratory 
standard.  A  calibration  was  performed  with  .86  mCl  ^^Co  sources  at  The 
Aerospace  Corporation.  The  source  dose  rate  as  a  function  of  distance  from 
the  source  Is  given  In  Figure  3.  Comparing  measurements  by  a  laboratory 
surveymeter  and  a  series  of  TLD  detectors.  All  three  units  have  essentially 
the  same  calibration  constant.  The  calibration  data  ate  summarized  In  Table 
1 .  The  Instrument  packages  were  subjected  to  a  3-axls  vibration  test  for  3 
minutes  at  a  14.2  g  rms  level.  There  were  no  mechanical  failures  or  Instru¬ 
ment  malfunctions.  Prior  to  calibration  the  instrument  packages  were  success¬ 
fully  thermal  cycled  between  ±  25*  C. 
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LAKaATOtY  OPERATIONS 


The  Laboratory  Oparationa  of  Tha  Aaroapaca  Corporation  la  conducting  exper- 
iaental  and  thaoratical  invaatigationa  nacaaaary  for  the  evaluation  and  applica¬ 
tion  of  acientiffe  advancaa  to  new  ailitary  apace  ayataaa.  Varaatility  and 
flaaibility  have  bean  developed  to  a  high  degree  by  tha  laboratory  paraonnel  in 
daallng  with  the  aany  probleaa  encountered  in  the  nation’ a  rapidly  developing 
apace  ayateaa.  Expertlee  in  the  lateet  aclentlflc  developaenta  la  vital  to  the 
accoapllehaent  of  taaka  related  to  thcee  probleaa*  The  laboratorlea  that  con¬ 
tribute  to  thle  reaearch  are: 

Aerophyelca  Laboratory;  Launch  vehicle  and  reentry  acrodynaalca  and  heat 
tranafer,  propulaion  chealatry  and  fluid  nechanica,  atructural  aechanlca,  flight 
dynaalca;  hlgh-teaperaturc  theraoaechanica,  gaa  kinetica  and  radiation;  reaearch 
in  envlronaental  chealatry  and  contaainatlon;  c»  and  pulaed  cheaical  laeer 
developaent  including  cheaical  kinetica,  apectroacopy,  optical  reeonatora  and 
bean  pointing,  ataoepherlc  propagation,  laeer  effecta  and  countemeaaurea  • 

Chealatry  and  Phyaice  Laboratory;  Ataoapheric  cheaical  reactlona,  atao- 
apharlc  optica,  light  eeatterlng,  acate-apeclfic  cheaical  reactlona  and  radia¬ 
tion  tranaport  in  rocket  pluaea,  applied  laeer  apectroacopy,  leaer  chealatry, 
battery  electrochaalatry,  apace  vacuw  and  radiation  effecta  on  aateriala,  lu¬ 
brication  end  aurface  phenoaena,  theralonlc  eaiaaion,  photoaenaitive  aateriala 
and  detectora,  atoalc  frequency  atandarda,  and  bioenvlronaental  reaearch  and 
aonitoring. 

Electronlca  kaeearch  Laboratory ;  Microelectronica,  GaAa  lov-noiae  and 
pover  devlcea,  eealconductor  laecra,  electroaagnetlc  and  optical  propagation 
phenoaena,  quantua  electronlca,  laaer  conamnicatlona,  Ildar,  and  electro-optica; 
coaaunicatlon  aclencaa,  applied  electronlca,  eealconductor  cryatal  and  device 
phyaice,  radloaatrtc  laaglng;  allliactcr-aava  and  alcrewave  technology. 

Inforaatton  Sciencea  Keaearch  Office;  Prograa  verification,  prograa  trana- 
latton^  perforaance-aenaltive  ayataa  dealgn,  dlatrlbuted  architecturea  for 
apaceborne  coaputera,  fault-tolerant  coaputer  ayateaa,  artificial  Intelligence, 
and  alcroelectronica  appllcattona. 

Meterlala  Sciencea  Laboratory;  Developaent  of  new  aateriala;  aetal  aatrlx 
coapoaitea,  polyacra,  and  new  foraa  of  carbon;  coaponent  failure  analyala  and 
reliability;  fracture  aechanica  and  atreaa  corroalon;  evaluation  of  aateriala  in 
apace  envlroiaMnc;  aateriala  pcrforaance  in  apace  tranaportatlon  ayateaa;  anal¬ 
yala  of  ayateaa  vulnerability  and  aurvlvablllty  in  eneay-induced  environaenta. 

Swee  Sciencea  Le^ratorv:  Ataoapheric  and  lonoapherlc  phyelca,  radiation 
Sroa  the  ataoaptiere,  Penalty and  coapoaltlon  of  the  upper  ataoaphere,  aurorae 
and  alrgloe;  aagnatoapheric  phyalca,  coaaic  raya,  generation  and  propagation  of 
plaaaa  wavea  in  the  aagnetoaphere;  aolar  phyalca.  Infrared  aatrono^t;  the 
affecta  of  nuclear  exploalena,  aagnatlc  atoma,  and  aolar  actSvlty  on  the 
earth'a  ataoaphere,  lonoaphare,  and  aagnetoaphere;  the  affecta  of  optical, 
aleetroaegnetic,  and  particulate  radlationa  la  apace  on  apace  ayateaa. 


The  detectors  ere  passively  cooled  in  order'  to  keep  the  system  noise  well  be¬ 
low  the  electronic  energy  threshold  set  at  66  keV.  A  backup  Instrument  also 
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